The corrosion inhibiting capacity of oligomeric gossypol derivatives has been studied. It is shown that oligomeric gossypol-based corrosion inhibitors with urea adducts effectively protect steel against corrosion in a saline medium, while in acidic media the gossypol derivatives with melamine exhibit effective protection.
A considerable portion of the losses associated with corrosion fall to water supply and water cooling systems, which touches upon the interests of practically all sectors of industry. Experience of the operation of recirculation systems at enterprises indicates that their efficiency decreases on account of corrosion, biological growth, and scaling. Salt deposits on the heat exchange surface lead to considerable overconsumption of fuel and water resources, and corrosion leads to premature failure of equipment. The problem of preventing these undesirable effects can be solved by using inhibitors.
In recent years, water-soluble polymers have been used as such inhibitors. They are mainly used to combat salt and sludge deposits, but interest in them as potential corrosion inhibitors of metals has grown. This is due to the comparatively low cost and toxicity of certain polymers, enabling them to be used even where wastewater purity requirements are stringent.
However, in spite of the available literature on such inhibitors, most studies have been of a particularly applied nature. Authors often confine themselves to setting out experimental data, and many aspects of the anticorrosion action of polymers remain unclear. Furthermore, most polymers themselves are ineffective, and therefore it is necessary to create inhibitor composites based on them. This problem is complicated by certain features of the structure of polymers that distinguish them from low-molecular-weight compounds. For example, it is a complex matter to predict the protective properties of polymers based on the principle of linearity of free energies, which can be used successfully for describing and predicting the effectiveness of traditional inhibitors. It is evident that for further progress in the development of reagent treatment of water systems, it is necessary to study in greater detail water-soluble polymers as potential corrosion inhibitors of low-carbon steel in waters of different composition.
We investigated gossypol derivatives with urea and melamine adducts. We studied the protective action of oligomeric corrosion inhibitors synthesised on the basis of gossypol with adducts of urea (AO-1) and melamine (AO-2).
Investigations of the corrosion behaviour of steel St3 were conducted in aqueous media on specimens in sheet form on a PI-50.1.1 potentiostat with a PR-8 programmer by recording anode and cathode polarisation curves. On the basis of experimental results, the corrosion current (i), the retardation factor (γ), and the magnitude of the protective effect (Z) were calculated ( Tables 1 and 2 ).
It can be seen that the stationary potentials of the steel electrode in the presence of inhibitors of different composition vary little, shifting towards positive values. To investigate the effect of the corrosion medium on the rate of the electrode processes, polarisation curves in non-inert-gas-aerated media were recorded, as the presence of oxygen is a necessary condition for the achievement of maximum protection of the metal when
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AO-1 and AO-2 are used as corrosion inhibitors. The results of investigations of the influence of the inhibitors on the polarisation curves with their corresponding concentrations are presented in Figure 1 .
The mechanism of partial electrode reactions of solvents on the surface of steel coated with composites AO-1 and AO-2 is identical as it depends only on the nature of the metal and the immersion medium. If the protective action of amines as a result of their adsorption on the surface of steel St3 by donor-acceptor interaction is examined, then the dependence of Z on the nature of AO-1,2 is governed by the dissimilar affinity of RNH 2 for steel. Increase in the affinity of the amine for metal, for example as a result of donor-acceptor interaction, should increase the protective action and lower the influence of the nature of the solvent. Donor-acceptor interactions of amines with metal are possible by the unshared electron pair of nitrogen. However, the fractional negative charge of the nitrogen atom of the amine group is constant, i.e. does not depend on n c . With equal , differences in Z may be caused by the dissimilar degree of filling of the surface of steel by RNH 2 molecules. From positions of local interactions, the RNH 2 group is associated with features of the surface microrelief of the adsorbent and with the constant of distribution of the adsorbate between the contacting phases. 
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Oligomeric corrosion inhibitors at concentrations C in < 20 mg/L slightly stimulate corrosion in H 2 SO 4 solutions at room temperature. However, with increase in concentration they become inhibitors, and here AO-1, having a lower molecular weight, ensures a higher degree of protection of steel against corrosion than AO-2. At elevated t = 80°C, differences in the anticorrosion properties of the oligomers are clearer. For AO-1 at C > 100 mg/L, Z ≈ 90.92%, whereas for AO-2, even at C = 250 mg/L, Z < 82.19%. All oligomers retard not only the anode but also the cathode reaction, i.e. are mixed-type corrosion inhibitors. Their influence on the cathode process is almost identical, but retardation of the anode reaction is more appreciable in the case of AO-1.
Oligomeric corrosion inhibitors are substances that protect metal surfaces against corrosion. The mechanism of their anticorrosion effect on metals, primarily on steel, consists in the creation on the surface of the metal of a very thin film that prevents its corrosion.
The protective capacity of the coatings was assessed by comparing the corrosion current densities obtained during polarisation of the investigated electrode. The lower the corrosion current density with identical polarisation, the lower is the corrosion rate and the higher is the protective capacity of the coatings.
Tables 3 and 4 give the degrees of protection by oligomeric corrosion inhibitors in saline and acidic media, i.e. in 3% NaCl and H 2 SO 4 ; the degree of protection is clear. In a saline medium, AO-1 effectively protects steel against corrosion, while in acidic media AO-2 exhibits effective protection. In an uninhibited medium, the corrosion rate in a saline medium is 893 mA, and 1583 mA in an acidic medium, and the same shift is observed in all media examined. The corrosion rate in a saline medium for AO-2 amounts to 12.14 mA, while in acidic media this index amounts to 58.76 mA. From the given data it can be assumed that the slowing down of the cathode process occurs on account of the difficulty of diffusion of dissolved oxygen to cathode sections through the layer of corrosion products or isolated film.
Comparative assessment of the inhibiting capacity of the investigated oligomeric corrosion inhibitors showed that the best protective properties are possessed by those inhibitors showing a degree of protection of 98-99%, namely corrosion inhibitor AO-1 in a saline medium and corrosion inhibitor AO-2 in an acidic medium.
The reasons for such behaviour of steel in the presence of an oligomeric corrosion inhibitor are associated with their capacity to form complexes with metal cations. Greatest stability is possessed by these inhibitors in weakly acidic and weakly alkaline media (pH 5-8).
The presence in the solution of low-molecular-weight electrolyte promotes unfolding of the macromolecular coil and an increase in the stability of the oligomeric complexes. With increase in the temperature of the solution, the stability of such complexes falls. As the surface of the metal undergoes corrosion by the action of oxygen, moisture, or other aggressive substances, the main aim in combating corrosion is to prevent access of these substances to the surface of the metal. The introduction of inhibitors into the corrosive medium causes a change in the surface of the corroding metal, and also affects the kinetics of the electrode reactions determining the process of its autolysis. The mechanism of the inhibiting action is determined by several factors: the nature of the metal, the structure of the inhibitor, the composition of the aggressive medium, and the conditions of occurrence of corrosion (the temperature and the hydrodynamic state of the medium).
Investigation of the inhibiting properties of oligomeric inhibitors based on urea and melamine adducts showed that the protective effect was due to the formation of an adsorption film on the surface of the metal. The inhibitor is bound to the surface of the metal by NH 2 groups. Therefore, the inhibiting effect is more pronounced with a substance having a larger number of NH 2 groups in the molecule. Study of the anticorrosion action of oligomers AO-1 and AO-2 showed that their adsorption on the surface of metal in the presence of ions is physical in nature and due to electrostatic interaction as a polycation. The inhibiting effect depends on the length of the blocks of similar units and can be regulated by their ratio in the chains of the macromolecules.
From the above analysis it can be seen that one of the important factors of the structure of molecules of organic inhibitors containing nitrogen and oxygen heteroatoms determining their protective capacity during corrosion of iron is the interaction of the unshared pair of electrons of the heteroatom with incomplete d-levels of the iron atom. The introduction into the molecule of the inhibitor of electron-donor substituents normally leads to enhancement of is protective effect. The donor function of a compound in chemical reaction is generally characterised by the energy of formation of the excited state on account of the transition of unshared electrons from non-binding orbitals to loosening p-orbitals. The energy of such transitions can be estimated from the wavelength magnitude of the longest-wavelength absorption bands corresponding to them.
As can be seen from the experimental data given in Figure 2 , metal articles are protected reliably by aqueous solutions containing inhibitors AO-1 and AO-2 which increase the duration of protection several fold by comparison with other inhibitors.
Electrochemical investigations showed that, in the presence of the inhibitors we tested, the polarisability of steel is enhanced sharply. Its passivation is made considerably easier at low concentrations of the inhibitors and leads to the retardation of anode and cathode processes of ionisation of iron owing to their adsorption and the formation of a protective layer (film) on the surface of the steel. The oligomeric corrosion inhibitors not only take part in the retardation of the anode reaction but to a significant degree also affect the cathode process, creating a barrier for the diffusion of oxidising agents and aggressive components to the surface of the steel.
The protective properties of surface films formed on steel on interaction with corrosion inhibitors can be characterised as an "aftereffect". For this, steel specimens were treated for a prescribed time with corrosion inhibitors, and, after their removal, the time before the appearance of zones of corrosion on tested specimens was determined. Thus, with holding in aggressive media, corrosion damage on control specimens appears during the first 24 h, and on inhibited specimens after 2-5 days. Comparison of data on the change in the electrode potential with an aftereffect indicates a certain relationship between the formation of a protective film on steel by the action of inhibitors and its protective action (Figures 3 to 5) . The shift in potential into the positive region corresponds to an increase in the protective 
properties of the film. The aftereffect and the potential of the steel, as can be seen from the given data, depend on the time of action of the inhibitors.
Certain conclusions can be made on the basis of electron micrographs of specimen surfaces. The control steel specimen is characterised by a surface pitted with coarse-grained corrosion products. Under conditions of an inadequate concentration (C = 0.0001) of the investigated inhibitors, for example AO-1, corrosion products, although apparent, have a fine-grained structure. With an adequate (protective) concentration (C = 0.1) of the inhibitor, the surface of the steel specimens after tests remains clean (Figures 6a to d) .
Electron diffraction investigations showed that oligomeric corrosion inhibitors AO-1 and AO-2 form on the surface of steel specimens products of interaction that differ considerably in composition and structure from the initial steel specimens. Electron diffraction patterns of specimens held in different inhibitor solutions have a strong fog and several diffuse rings. The diffraction patterns of treated specimens do not correspond to the electron diffraction pattern of iron or its compounds with oxygen and water.
The results of laboratory and full-scale tests, electrochemical measurements, and investigation of the effectiveness of corrosion inhibitors are in good agreement with data of electron microscopy and electron diffraction studies of the surface of steel.
Thus, the investigated inhibitors showed high effectiveness in slowing down the process of dissolution of steel in neutral media. Distinguishing properties of the given inhibitors are their low optimum concentration, cheapness, universality, and non-toxicity. The most probable mechanism of their protective action consists in the formation of low-solubility compounds with iron ions and subsequent adsorption of the polymer component on the formed film, leading to slowing down of the growth of film and on account of this to a reduction in its porosity and thickness and an increase in its protective properties.
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